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Effect of prostaglandin E2 on proline uptake and protein synthesis by
cultured human mesangial cells. POE2 production by glomeruli is
increased in a variety of glomerular diseases. Potentially, this process
may affect mesangial cell protein synthesis and mesangial cell growth.
Thus studies have been undertaken, using cultured human mesangial
cells, to assess the effects of POE2 on proline uptake, protein synthesis
and cell proliferation. In the presence of 140 mtt NaCI, incubation of
mesangial cells with 0.01 to I .tM POE2 for 72 hours resulted in a
marked decrease of '4C proline uptake, but did not modify '4C leucine
uptake. Substitution of choline to sodium inhibited '4C proline uptake
by 85% which became independent of PGE2, indicating that this PG
specifically altered sodium-dependent proline uptake. Inhibition of this
component reached 35 to 50% with I LM POE2. The inhibitory effect of
POE2 on sodium-dependent proline uptake required a lag time of 48
hours, and was suppressed by ouabain, an inhibitor of Na, K ATPase
activity. POE2 did not modify the Vmax of the transport system (1.007
vs. 1.023 nmol/mg/min) but increased (P <0.01) its Km (1.179 vs. 0.823
mM). 8-bromo-cyclic AMP also inhibited sodium-independent proline
uptake, and POE2 markedly increased cyclic AMP production. Taken
together, these results suggested that POE2 acted via cyclic AMP
stimulation. POE2 under identical conditions (I M, 72 hr incubation)
produced a decrease in collagen synthesis estimated by the relative rate
of collagen production after incubation of mesangial cells with '4C
proline (percentage of '4C radioactivity in collagenase-sensitive pro-
teins over total proteins). POE2 also diminished the intracellular free
proline pool. More generally, POE2 inhibited cell proliferation and cell
total proteins. These findings demonstrate that POE2 inhibits sodium-
dependent proline uptake and protein synthesis in mesangial cells as
well as their proliferation rate. POE2 could, via these effects, play an
essential role in the control of glomerulosclerosis.
Human glomeruli synthesize prostaglandins (P0) [1], and PG
production by glomeruli is increased in a variety of experimen-
tal glomerular diseases [2, 3]. Mesangial cells are the main site
of PG production in glomeruli as well in humans [4] and in rats
[5]. PGE2 is the more abundant PG synthesized by rat mesan-
gial cells whereas POE2 and P012 are equally produced by
human mesangial cells [6]. PGs possess multiple effects and
have been shown to modify glomerular functions both in vivo
and in vitro. In particular, POE2 diminishes glomerular arteri-
olar resistances [7], counteracts the vasoconstrictory effect of
angiotensin II [8], and exhibits antiproliferative and immuno-
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suppressive properties [9, 10]. In addition, POE2 has been
demonstrated to inhibit proline uptake and to diminish collagen
formation in non-renal preparations [11, 12]. More recently,
POE2 was found to inhibit rat mesangial cell proliferation and
matrix synthesis [13]. Cell proliferation and alteration of gb-
merular cell matrix synthesis are essential determinants of the
development of human glomerular diseases. Therefore we have
evaluated the effect of POE2 on DNA and protein synthesis by
human mesangial cells in vitro. Because proline and hydroxy-
proline are essential amino acids of collagen, we also measured
proline uptake by these cells. We found that the PGE2-induced
decrease in protein synthesis was associated with a decrease of
proline uptake and with an inhibition of cell proliferation.
Methods
Materials
The materials and suppliers in this study were as follows: cell
culture medium (Waymouth), antibiotics and the different ma-
terials for culture from Flow Laboratories (Irvine, UK); fetal
calf serum (FCS) from Seralab (Crawleydown, UK); L-U-'4C
proline(>9.25 GBq/mmol), L-U-'4C leucine(>11.1 GBq/mmol)
from the "Centre d'Etudes Nucléaires" (Gif-Sur-Yvette,
France); 3H-thymidine (3.4 TBq/mmol) from the Radiochemical
Centre, (Amersham, UK); collagenase from Worthington
(Freehold, New York, USA); anti-POE2 antiserum from "In-
stitut Pasteur" (Paris, France); Sep-Pak C18 cartridges from
Waters Associates (Milford Massachusetts, USA); POE2 and
all other reagents from Sigma Chemical Co. (St. Louis, Mis-
souri, USA). Collagenase was further purified by chromatogra-
phy, treated by 10 mis N-ethylmaleimide (NEM)I1 mM phenyl-
methylsulfonide fluoride (PMSF), dialyzed against distilled
water and stored at —20°C.
Cell culture
Isolation and characterization of human glomerular mesan-
gial cells were performed as previously described [4, 6]. Cells
were cultivated in Waymouth medium supplemented with glu-
tamine (5 mM), N-2-hydroxyethylpiperazine-N'-2-ethanesul-
fonic acid (HEPES, 20 mM), penicillin (50 U/mI), streptomycin
(50 pg/ml) and 10% FCS under an atmosphere of 5% C02/95%
air. Mesangial cells were purified by successive subcultures and
were studied after three to six passages. They were identified
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mouth medium with 2% FCS for 72 hours under control
conditions or in the presence of POE2 (0.01, 0.1 or 1 SM). To
determine the uptake of amino acids, the medium was removed
and cells were further incubated for 20 minutes at 37°C in 15 mM
HEPES buffer, pH 7.2, containing 5 m'vi KC1, 0.8 mrt MgSO4,
1.8 mM CaCI2 and 137 mri NaC1 (buffer A). The sodium-free
solution was made by replacing sodium chloride with choline
chloride (modified buffer A). The incubation medium was
supplemented with 18.5 kBq/ml of '4C proline and 1 mrt of
proline. '4C leucine and leucine were used at identical concen-
trations in parallel experiments. At the end of the incubation,
the uptake was stopped by rinsing the cells thrice with 1 ml
ice-cold solution (137 mri NaCl, 10 mM Na2HAsO4, 15 mM
HEPES, pH 7.4). Then, cells were solubilized in 1 M NaOH,
'4C radioactivity was measured by liquid scintillation spectros-
copy (1211 Rackbeta; LKB, Bromma, Sweden) and protein
concentration was determined according to Lowry et al [14]
using bovine serum albumin as a standard.
Cyclic AMP production
Cells were washed thrice with serum-free Waymouth medium
and incubated in situ at 37°C with 500 l of Waymouth medium
in the presence of 1 or 10 pM PGE2. The reaction was stopped
after 20 minutes of incubation by addition of the extraction
medium (85% ethanol, 15% formic acid; vol/vol). Cyclic AMP
was measured by radioimmunoassay after acetylation of the
samples and of the standards according to a previously pub-
lished technique [15]. Results were expressed as pmol cyclic
AMP per mg of cell protein.
0
Fig. 1. Effect ofsodium chloride on proline uptake by human mesan-
gial cells under control conditions (•, ) and in the presence of PGE2
(0, 0). Cells were preincubated or not with I sM POE2 in Waymouth
medium during 72 hr. After washing, they were further incubated for
the indicated periods of time in a medium containing either 140 mss
sodium chloride (Continuous line) or 140 m choline chloride (dotted
line) and including "C proline, unlabelled proline and I CLM of PGE2.
Means of values obtained in two experiments, each including three
wells, are given. Three-way analysis of variance demonstrated signifi-
cant effects of PGE2 and of NaCI (P < 0.001). Both effects interacted
significantly (P < 0.001). Sodium-dependent proline uptake obtained by
subtracting sodium-independent proline uptake from total proline up-
take is shown in inset.
routinely by light microscopy examination and immunofluores-
cence staining. In particular, mesangial cells had a stellate
aspect and piled up; they showed a network of intracellular
fibrils stained by an antimyosin antiserum and they contracted
in the presence of 1 flM angiotensin II.
Uptake of amino acids
Studies were performed in 12 well-plates, eight days after the
cells had reached confluence. Cells were maintained in Way-
PGE2 determination
PGE2 was determined in the culture medium after 72 hours of
incubation. PGE2 was first extracted according to Maurin [16].
Briefly, after centrifugation, supernatants (0.5 ml) were diluted
in 0.5 ml water, acidified to pH 4 with 1 M HCI and purified by
passage through Sep-Pak C18 cartridges. To remove polar
substances, the columns were rinsed with 10 ml water and
POE2 was eluted with 7 ml ethylacetate. Extracts were evapo-
rated under nitrogen and the dry residues were resuspended in
0.5 ml of radioimmunoassay buffer. POE2 was measured by
radioimmunoassay according to Dray, Charbonnel and Maclouf
[17]. Anti-PGE2 antiserum cross reacted less than 0.1% with the
other PG.
Total cell protein production
Total cell protein production was estimated by the amount of
'4C-leucine incorporated in ethanol-precipitated proteins.
Mesangial cells in 6 well-plates were studied at confluence.
Cells were maintained in Waymouth medium with 2% FCS for
72 hours with or without 1 pri PGE2. Cells were exposed for the
last 24 hours to the same medium supplemented with 50 g/ml
ascorbic acid, 50 pg/mI /3-aminopropionitryl (/3-APN) and 37
kBq/ml '4C-leucine. At the end of the incubation, the cell layer
and the medium were treated separately. After profuse dialysis
in the presence of protease inhibitors (NEM 10 mM; EDTA 25
mM; PMSF 1 mM), the proteins of the medium were precip-
itated by ethanol. The cells were scraped off with a rubber
policeman in distilled water containing 0.2% Triton. Cell pro-
teins were also precipitated by ethanol. Radioactivity of '4C-
labelled proteins was measured and protein concentration was
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cells
Statistical
Incubation
time
Control
conditions PGE2
analysis
(POE2
vs.
hr nmol/mg/20 mm control)
0 21.2 8.0 19.7 3.0 NS
5 25.0 1.5 23,0 1.2 NS
24 28.4 3.9 27.0 2.4 NS
48 30.2 2.1 25.4 1.3 P < 0.05
72 21.4 2.4 16.8 2.4 P < 0.05
Cells were incubated or not with I sai PGE2 for the indicated periods
of time. '4C proline (0.5 sCi/ml) and unlabelled proline (1 mM) were
added during the last 20 minutes of these incubation periods. Means and
SEM of 12 values (individual wells) are given. Pooled results were first
analyzed using two-way analysis of variance for repeated data. The
effect of POE2 at a given period was tested by Student's t-test using the
residual variance obtained from the first analysis. NS = not significant.
determined. Total protein production was estimated as cpm/mg
protein.
Collagen production
Cells were cultured under the same conditions as stated
above in the presence or not of PGE2 (I or 10 M)except that
'4C leucine was replaced by 74 kBq/ml '4C proline plus 0.2 mM
unlabelled proline. The cellular extract and the medium were
treated initially as for estimation of total protein synthesis, but
after precipitation by ethanol, proteins were exposed to purified
collagenase and then again precipitated by ethanol according to
a previously described technique [18]. '4C radioactivities of
collagenase-sensitive and collagenase-resistant proteins were
measured. The relative production of collagen was calculated
according to the formula: '4C collagen cpm/('4C non collagen
cpm x 5.4 + '4C collagen cpm), which takes into account the
relative distribution of proline and hydroxyproline in collage-
nous and non-collagenous proteins [181.
To estimate the free proline pool, mesangial cells which had
been incubated with '4C proline and 1 mrvi proline in the
presence or not of PGE2 (1 or 10 jsM) were rinsed and then were
scraped off in distilled water containing 0.1% Triton. The
proteins were precipitated with ethanol and the supernatants
were collected for measurement of proline and '4C proline as
Cellproliferation
3H-thymidine incorporation was measured using 12 well
plates. Mesangial cells at confluence were cultured in Way-
mouth medium with 2% FCS for 72 hours in the presence or not
of 1 tM PGE2. For the last 24 hours, fresh medium containing
18 kBq/ml 3H-thymidine was used. At the end of the incubation
period, the medium was discarded and cells were washed twice.
Then 0.5 mllwell of 5% trichloroacetic acid was added. After
incubation for one hour at 4°C, the supernatant was removed
and cells were treated with 0.5 ml 0.25 M NaOH for four hours
at room temperature. An aliquote was pipetted, adjusted to pH
7 and '4C radioactivity was measured.
Cell proliferation was also estimated by counting cell num-
ber. Cells which had been cultured in 12 well plates were
counted after 72 hours exposure or not to PGE2. Cell proteins
were measured in parallel.
Time, minutes
Fig. 2. Time courseof pro!ine uptake by human mesangial cells under
control conditions (continuous line) and in the presence of increasing
concentrations of PGE2 (dotted line). Symbols are: (•) control; (0)io_ M, (U) l0— M, (0)10—6 M POE2. Cells were preincubated with
PGE2 in Waymouth medium for 72 hr. After washing, they were further
incubated for the indicated periods of time in a medium containing
either 140 m sodium chloride or 140 m choline chloride and including
'4C proline, unlabelled proline and the same concentration of PGE2 as
during the preincubation period. Results under control conditions and
with I sM POE2 are only shown when sodium was omitted (bottom of
the figure). Means of values obtained in two experiments, each includ-
ing three wells, are given. Three-way analysis of variance demonstrated
a significant effect of POE2 (P < 0.001). Sodium-dependent proline
uptake obtained by subtracting sodium-independent proline uptake
from total proline uptake is shown in inset.
Statistical analysis
Results were currently analysed using Student's 1-test or
multifactorial analysis of variance for repeated data, as appro-
priate. Regression analysis was also used. The slopes of two
regression lines were compared using Student's 1-test whenever
necessary. Results are expressed as mean SEM.
Results
Uptake of pro/me by human glomerular mesangial cells
'4C proline uptake measured under control conditions was
linear with time from 10 to 60 minutes but the regression line
calculated from the values measured over this period crossed
the ordinate axis above zero, indicating a greater rate of uptake
at the initial times (0 to 10 mi. In fact, this change of slope was
no longer observed when the sodium-dependent '4C proline
uptake was only considered. Indeed, substitution of choline
chloride to sodium chloride in the incubation medium resulted
in a marked diminution of '4C proline uptake which reached a
Table 1, Time course of POE2 effect on proline uptake by mesangial
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Fig. 3. A. Uptake of pro/me by human
mesangial cells at increasing concentrations
of proline under control conditions ( -)
and in the presence of PGE2 (O----O). Cells
were preincubated or not with 1 M of PGE2
in Waymouth medium during 72 hr. After
washing, they were further incubated for 20
mm in buffer A (Methods) containing a fixed
concentration of '4C proline, increasing
concentrations of unlabelled proline and I M
of POE2. Sodium-dependent proline uptake
was obtained by subtracting sodium-
independent proline uptake from total proline
uptake. B. Lineweaver-Burke analysis of the
experimental data (reciprocal of proline
uptake vs. reciprocal of proline
concentration). Means of values obtained in
three experiments, each including three wells,
are given.
plateau after 10 minutes (Fig. 1). Under these conditions, the
rate of uptake at 60 minutes did not exceed 15% of its control
value. This indicated that proline uptake necessitated, at least,
two amino acid transport systems. The largest fraction of
uptake was by a sodium-dependent route. Subtraction of the
residual '4C proline uptake obtained in presence of choline
chloride from the total '4C proline uptake allowed the sodium-
dependent '4C proline uptake to be individualized. Linearity
with time over the whole period of study (0 to 60 mm) could be
demonstrated by this way (r = 0.98). The rate of sodium-
dependent '4C proline uptake was 0.88 nmollmglmin. Prein-
cubation of the cells for 72 hours with 1 M POE2 markedly
inhibited (P < 0.001) '4C proline uptake by the cells incubated
in the presence of sodium chloride, but had no effect when the
cells were incubated with choline chloride. Sodium-dependent
14 proline uptake could be calculated. As for the control
curve, proline uptake was linear from 0 to 60 mm (r = 0.96). The
rate of proline uptake was considerably lower (0.45 nmol/mg/
mm) than under control conditions.
The effect of PGE2 on proline uptake was specific of this
amino acid. '4C leucine uptake measured under identical con-
ditions reached a plateau after 10 to 20 minutes of incubation
and was not modified by substitution of choline chloride to
sodium chloride. Preincubation of mesangial cells with POE2
had no effect on 14C leucine uptake measured after 20 minutes
of incubation (47.6 1.8 vs. 48.3 1.0 nmol/mg with and
without I M POE2, respectively).
The effect of PGE2 on proline uptake occurred after a lag time
of at least 48 hours and still persisted at 72 hours (Table 1).
Therefore, this period of incubation which corresponded to a
steady state effect was selected. As shown in Figure 2, expo-
sure of the cells for 72 hours to PGE2 (0.01, 0.1 or 1 jIM)
produced a dose dependent decrease of sodium-sensitive '4C
proline uptake. The rate of proline uptake, which was 0.67
nmol/mg/min under control conditions, decreased to 0.51, 0.46
and 0.44 nmol/mglmin in the presence of 0.01, 0.1 and 1 M
exogenous PGE2, respectively. The endogenous production of
PGE2 under identical conditions resulted in a concentration of
40 nrvt in the medium at the end of the incubation period. It
influenced the total concentration of PGE2 to which cells were
exposed, essentially at the lowest concentrations studied. So-
dium dependent proline uptake was correlated linearly with
time over the period studied (0 to 60 mm) as shown by the
values of correlation coefficients (r = 0.997, 0.998, 0.990 and
0.998 under control conditions and with 0.01, 0.1 and I M
POE2, respectively).
To precisely analyze the mode of action of PGE2, we have
studied sodium-dependent proline uptake as a function of
proline concentration under control conditions and in the
presence of PGE2 (Fig. 3). Under both conditions, proline
uptake increased linearly with proline concentration from 0.1 to
I m and a plateau was observed for the highest values. The
Lineweaver-Burke transformation of the data (reciprocal of
velocity plotted against reciprocal of concentration) showed no
effect of PGE2 on max (1.007 vs. 1.023 nmol/mg/min). In
contrast, POE2 produced an increase of Km (1.79 vs. 0.823 mM;
P <0.01) which indicates a decrease of the affinity of proline for
its transport system.
Mechanism ofaction of PGE2 on pro/me uptake
PGE2 increased cyclic AMP production markedly in a dose-
dependent manner in human glomerular mesangial cells. Basal
cyclic AMP concentration was 1.9 0.6 pmollmg in these cells.
It reached 36.5 4.4 and 70.6 15.4 pmol/mg in the presence
of 1 and 10 rM PGE2, respectively. To demonstrate the effect of
PGE2-induced cyclic AMP accumulation on proline uptake, we
studied the effect of 8-bromo-cyclic AMP, an analog of cyclic
AMP which easily crosses cell membranes. At 0.1 mM,
8-bromo-cyclic AMP was inactive on proline uptake (data not
shown) but, at 0.5 m, it produced effects which were similar to
those of PGE2. In the presence of sodium chloride, there was a
marked decrease in proline uptake (P < 0.001). No significant
effect was observed in the sodium-free medium. Sodium-depen-
dent proline uptake decreased from 0.65 nmol/mg/min under
control conditions to 0.21 nmollmglmin in the presence of
8-bromo-cyclic AMP (Fig. 4).
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Fig. 4. Time course of pro/me uptake by human mesangial cells under
control conditions (•, ) and in the presence of 8-bromo-cyclic AMP
(0, 0). Cells were preincubated or not with 0.5 m of 8-bromo-cyclic
AMP for 72 hr in Waymouth medium. After washing, they were further
incubated for the indicated periods of time in a medium containing
either 140 m sodium chloride (continuous line) or 140 mi choline
chloride (dotted line) and including '4C proline, unlabelled proline and
0.5 mM 8-bromo-cyclic AMP. A representative experiment is shown.
Means of values from three individual wells are given. Three-way
analysis of variance demonstrated significant effects of 8-bromo-cyclic
AMP and of NaC1 (P < 0.001). Both effects interacted significantly (P <
0.001). Sodium-dependent proline uptake obtained by subtracting sodi-
um-independent proline uptake from total proline uptake is shown in
inset.
To further investigate the mechanism of PGE2 action, we
studied the effect of ouabain, an inhibitor of Nat, K ATPase,
on proline uptake (Fig. 5). Ouabain at 100 ,LM markedly
diminished sodium-dependent proline uptake (P < 0.001). In
the presence of this glucoside, the inhibitory effect of PGE2 was
totally suppressed (P < 0.001). Ouabain was inactive on proline
uptake in a sodium-free medium as well under control condi-
tions as in the presence of PGE2.
Effect of PGE2 on protein production, collagen synthesis and
cell proliferation
Incorporation of '4C-leucine in proteins was inhibited after
incubation of mesangial cells for 72 hours with 1 sM PGE2. The
degree of inhibition approximated 20% both in cell-associated
proteins (65,334 2,780 vs. 53,134 2,391 cpmlmg; N = 12, P
<0.01) and in secreted proteins (20,040 1,539 vs. 15,408
Fig. 5. Effect of ouabain on proline uptake by mesangial cells. Cells
were preincubated for 72 hr in Waymouth medium with (cross-hatched
bars) or without (open bars) I sM of PGE2. After washing, they were
further incubated for 20 mm in a medium containing either 140 mM
sodium chloride (buffer A) or 140 m choline chloride (modified buffer
A) and including 14C proline, unlabelled proline and I ss of PGE2. The
effect of ouabain (0.1 mM) was studied under both conditions. Means
and SEM of values obtained in two experiments, each including six
wells, are given. ** P < 0.01. Three-way analysis of variance demon-
strated significant (P < 0.001) effects of PGE2, ouabain, and MaCI.
These effects interacted significantly (P < 0.001).
Table 2. Effect of PGE2 on the relative rate of collagen production
(%) by mesangial cells
Control
conditions
PGE2
I 1tLM 10 sM
Cellular extract 7.14 2.33 5.89 1.91 5.56 1.71
Medium 12.22 1.17 11.24 1.44 10.87 1.39
Cells were incubated or not with PoE2 for 72 hr. '4C proline was
added during the last 24 hr of the incubation period. Means SEM of 6
experiments (3 individual wells per experiment) are given. The data
were analyzed using two-way analysis of variance. The effect of POE2
was found significant (P < 0.05) both on secreted (medium) and
cell-associated (cellular extract) collagen.
1,008 cpm/mg; N = 12, P < 0.01). We also measured, using the
'4C-proline incorporation technique, the relative rate of colla-
gen production. The corrected ratio of '4C-proline incorpora-
tion in collagenase sensitive proteins over that in total proteins
(collagenase sensitive plus collagenase resistant proteins) de-
creased by 10 and 20% (P < 0.05) in secreted and cell associated
collagen, respectively, after exposure of the cells to 1 or 10 jiM
PGE2 (Table 2). We also studied the effect of PGE2 on the
intracellular free proline pool, that is to say, the amount of
intracellular proline not incorporated in proteins. As shown in
Table 3, PGE2 at 1 or 10 jiM produced a marked decrease of 10
to 30% in the free proline pool. The decrease of free 14C proline
was more marked (20 to 50%) than that of free total proline
resulting in a decrease of the specific activity of this amino acid.
The effect of PGE2 on cell proliferation was also studied.
Preincubation of the cells with 1 jiM PGE2 for 72 hours
produced a decrease of 20% in 3H-thymidine incorporation. The
number of cells per well also diminished by about 8 to 10%
under identical conditions. This decrease in the cell number was
associated with a decrease of the same extent in the amount of
cell protein per well (Table 4).
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Table 3. Effect of PGE2 on the intracel
mesangial cells
lular free proline pool of
Experiments
Control
conditions I
POE2
I.LM 10 rM
Proline 28.96 1.12 20.12 4.23 24.07 1.13
nmol/mg
'4C proline
cpm/mg
27,645 695 14,258 870 19,570 570
2
Proline 35,75 4.69 32.46 6.01 28.29 7.55
nmo!/mg
'4C proline 63,221 8.391 51,772 3.259 46,872 3.462
cmp/,ng
Cells were incubated or not with POE2 for 72 hr. The intracellular
free proline pool corresponded to the amount of proline present in the
supernate of the ethanol-precipitated proteins. Means SEM of 6 values
(individual dishes) are given. Two-way analysis of variance for repeated
data was used. The effect of POE2 was significant (P < 0.01) both on
'4C-labelled and total proline.
Discussion
We have observed that PGE2 selectively decreases proline
transport in glomerular human mesangial cells. L-proline up-
take occurs in many systems via a sodium-dependent mecha-
nism. The energetics for this transport are provided by the
sodium electrochemical gradient which, in turn, depends on
membrane Na,K ATPase activity [19, 201. Our data demon-
strate that such a sodium-dependent transport of proline is also
present in mesangial cells. Indeed, '4C proline uptake was
markedly inhibited in a sodium-free medium and in the presence
of ouabain, an inhibitor of Na,K ATPase activity, when
sodium was present in the medium. Unlike the sodium depen-
dency exhibited by proline, there was no or little requirement of
sodium for leucine uptake. These results are consistent with the
current knowledge on leucine uptake which is mediated by the
Na-independent L system [211. Addition of PGE2 only af-
fected the proline uptake. Therefore, the inhibitory effect of
POE2 on proline uptake can be considered to be specific of the
A system for amino acid transport. It is also noteworthy that
this effect of PGE2 was only apparent in a sodium-containing
medium and in cells with intact membrane Na,K ATPase
activity. These results are in accordance with those of Gold-
stein et al [11] who showed that the uptake of aminoisobutyric
acid, an amino acid analogue of proline, was dramatically
decreased by POE2 in cultured human lung fibroblasts.
The effect of PGE2 on proline uptake required a lag period of
at least 48 hours of POE2 exposure. This suggests that POE2 did
not act directly via alteration of the cell membrane induced by
the lipid molecule but, more probably, altered the synthesis of
a protein linked to the transport system of proline. Analysis of
the kinetics of proline uptake showed that PGE2 treatment did
not modify the Vmax of the system, but resulted in an increase
in the apparent Km. Thus POE2 induced a decrease of the
aThnity of proline for its carrier protein rather than a change in
the number of transporter sites. A similar effect of PGE2 on the
Km of the transport system of aminoisobutyric acid has been
reported by Goldstein et a! [11] in lung fibroblasts. Therefore, in
view of the lack of effect of PGE2 on the synthesis of the proline
transporter itself, it seems likely that POE2 exerts its effect on
Table 4. Effect of POE2 on cell proliferation and protein content in
mesangial cells
Control
conditions POE2
3H-thymidine 21,028 601 16,388 490"
incorpoation
cpm per well
Cell number 46,962 5,216 40,206 4,015a
per well
Protein 123.0 13.0 101.4 8.Oa
g per well
Cells were incubated or not with I POE2 for 72 hr. For measuring
thymidine incorporation, 3H-thymidine was added during the last 24
hours and radioactivity was measured in TCA precipitable proteins.
Cell number was estimated after trypsin treatment. Means SEM of 12
values, each corresponding to a separate experiment, are given. The
results were analyzed using two-way analysis of variance.
The effect of PGE2 was significant for the three parameters studied;
a p <0.05, b P <0.001.
the sodium dependent transport of proline via alteration in the
synthesis of a protein implicated in the sodium electrochemical
gradient. This could be at the stage of Na,K' ATPase activity
or of altered membrane electrolyte permeability. Such an
hypothesis would be consistent with the numerous reports
demonstrating an inhibitory effect of POE2 on sodium transport
in vitro [22]. A confirmation of the inhibitory effect of POE2 on
proline transport can be found in the decrease of the free proline
pool in the presence of this PG. However, intracellular free
proline originates from several sources. It can correspond to
proline of the medium which has entered the cells and has not
yet been incorporated into collagen or other proteins, but also
to proline which had been released from the catabolized colla-
gen or to de novo synthesized proline from glutamic acid. The
hypothesis of a diminished de novo synthesis of proline is not
likely, since POE2 produced a decrease in free proline specific
radioactivity which can only be explained by an increase of this
synthesis.
Our results also indicate that PGE2 decreases cell prolifera-
tion and protein synthesis. Both effects have been extensively
demonstrated for POE2 or POE1 in a variety of cell types such
as human fibroblasts [23, 24], rat vascular smooth muscle cells
[25] and mouse glomerular mesangial cells [9]. PGs of the E
series counteract the stimulatory effects of serum [13] and, also
of more defined growth factors such as LTD4 [26], bradykinin
[27], interleukin 1 [28], arginine vasopressin and angiotensin II
[13]. More recently, Mene and Dunn [291 have shown that
POF2Q dose-dependently enhanced DNA synthesis and cell
proliferation in rat mesangial cells, whereas P012 potently
inhibited serum stimulated growth. In the present study, inhi-
bition of mesangial cell proliferation by PGE2 was associated
with a parallel decrease in the protein content per well and the
incorporation of '4C leucine per mg protein. Since '4C leucine
uptake was not modified, the latter effect can be considered as
indicating a decrease in the rate of total protein synthesis. We
also found a significant decrease of the relative rate of collagen
synthesis which takes into account the inhibitory effect of POE2
on the rate of synthesis of total proteins. This effect was weak
but cannot be neglected. Therefore we cannot exclude the
hypothesis that POE2 diminished more markedly the synthesis
of collagen than that of other proteins. Alternatively, POE2
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could affect the cellular degradation ofcollagen. Indeed, it has
been reported that POE2 via cyclic AMP stimulation increased
the proportion of newly synthesized collagen which was de-
graded intracellularly prior to secretion [30]. The intracellular
pool of free proline was found markedly decreased after POE2
treatment. Since free proline originates in part from catabolized
collagen, it is more likely that POE2 acts on the synthesis of
collagen rather than on its degradation. Such a specific effect of
POE2 on collagen synthesis also occurs in lung [27, 31] and
dermal [32) fibroblasts. It has been demonstrated that POE2
inhibited a1 (I) and a1 (III) gene expression at the transcrip-
tional level in these two preparations.
We found, in this study, that POE2 markedly increased cyclic
AMP concentration in human mesangial cells, which confirms
our previous report [33]. Moreover, the inhibitory effect of
PGE2 on proline uptake was mimicked by 8-bromo-cyclic AMP,
a cell-penetrating analogue of cyclic AMP. Like PGE2,
8-bromo-cyclic AMP was only active in the presence of sodium.
It is thus very likely that PGE2 modifies proline uptake, and
possibly collagen production, via stimulation of cyclic AMP
production. This conclusion is in accordance with the findings
of Baum et al [30] in human fibroblasts.
POE2 was active on proline uptake at a concentration as low
as 0.01 .tM, that is its expected physiological glomerular con-
centration [5]. In addition, high PG concentrations are likely to
occur within the glomeruli in animals or humans with glomer-
ulonephritis [2]. Interestingly, the Km of the proline transport
system was found to be only slightly higher than the normal
concentration of proline in plasma [34]. Therefore, in vivo
conditions can be considered to be appropriate for a maximum
effect of PGE2 on the system. This suggests that resident
glomerular cells or bone marrow-derived cells present in the
glomeruli, via POE2 secretion, are capable of altering several
functions of mesangial cells, such as capacity of proline trans-
port, cell growth and protein production, which are implicated
in the repair process secondary to glomerular injury.
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